The snail Ilyanassa obsoleta is a useful model for a variety of investigations in the fields of developmental biology, cell biology, larval ecology, ecotoxicology, parasitology, and chemical ecology. To enhance such studies, we have carried out two cDNA sequencing projects to characterize the mRNA transcripts that are present during development of this embryo. These efforts have generated 480 megabases of new sequence, which have been assembled into transcript contigs and represent thousands of newly identified Ilyanassa genes. We identified the orthologs of 182 transcription factors in these data, focusing on families that are likely to be sequence-specific transcriptional regulators. To demonstrate the utility of identifying and examining such transcripts, we describe the expression pattern during organogenesis for IoOnecut, an Ilyanassa ortholog of the HNF6/onecut family of transcription factors.
Introduction
Comparative studies in non-model or emerging model organisms often involve targeted gene cloning, either for phylogenetic reconstruction or for experimental approaches. Recently developed DNA sequencing methods have dramatically lowered the costs of DNA sequencing, making extensive sequencing projects more cost-effective even for less commonly used model organisms. However, the analysis and management of the large amounts of sequence data that are generated in these projects require new approaches by comparative biologists.
Ilyanassa is an important model for studies in a variety of fields, including developmental biology, larval ecology, ecotoxicology, parasitology, and chemical ecology (e.g., Curtis and Barse 1990; Oberdorster and McClellan-Green 2000; Oberdorster and McClellan-Green 2002; Rittschof et al. 2002; Curtis 2003; Kelaher et al. 2003; Moomjian et al. 2003; Gooding and LeBlanc 2004) . We are particularly interested in the advantages of this system for studying the evolution of development and the cell biology of asymmetric cell divisions. The embryos exhibit a distinctive pattern of early embryogenesis called spiralian development, which is characterized by regularities in the direction and proportion of the early cleavages, shared aspects of the fate map of the blastula, and similarities in larval morphology (Henry and Martindale 1999; Lambert 2010) . Spiralian development is found in at least four protostome phyla besides molluscs, including annelids, sipunculans, nemerteans, and platyhelmenthes. Recent phylogenetic studies have suggested that the last common ancestor of the large protostome clade Lophotrochozoa displayed spiralian development (Dunn et al. 2008) , indicating that understanding the mechanisms of spiralian development will be crucial for understanding the evolution of development among bilaterian animals.
Ilyanassa has a number of practical and experimental advantages for developmental studies, and has been an important model for spiralian development for over a century (reviewed by Gharbiah et al. 2008; Lambert 2009 ). Despite these advantages, there is presently no complete genome sequence for Ilyanassa, but here we describe two cDNA sequencing efforts aimed at characterizing the embryonic transcriptome of this organism. We expect that these data will be useful for a broad range of studies, but we have thus far focused our analysis on discovering transcription factors, for several reasons. First, we are interested in finding molecules that are responsible for determining cell fates in the early embryo, and transcription factors are obvious candidates for this role. Second, functional studies will be enhanced by finding specific markers of particular lineages, tissues, and organs, and transcription factors are good candidates for marker genes. Finally, since transcription-factor transcripts are often present at relatively low levels, assessing the recovery of transcription factors in a transcriptome sequencing effort gives a good assessment of the effectiveness of gene discovery.
We have carried out a traditional Sanger sequencing expressed sequence tag (EST) project, generating 9568 high quality EST sequences from clones in a non-normalized phagemid library. We then carried out a 454 pyrosequencing cDNA sequencing project that generated 1.38 million reads with a mean length of 351. We assembled this data set and searched the assembly for sequences coding for conserved protein domains with predicted transcription-factor activity. Based on comparisons with other complete genomes, we estimate that we recovered about a quarter of the transcription factors that were expected to be present in the Ilyanassa embryo.
To demonstrate the utility of examining transcription-factor expression patterns in this embryo, we describe the expression pattern of an Ilyanassa ortholog of the onecut/HNF6 homeobox containing transcription factor. We find that it is specifically expressed in neurogenic regions of ectoderm, and is then present in particular cells in the cerebral and pedal ganglia.
Methods

Ilyanassa phagemid cDNA library
Embryos from 0-48 h after egg laying (AEL) were removed from their capsules and total RNA was extracted with Trizol reagent (Invitrogen, WI, USA). A total of 3.5 mg of poly-A RNA was selected with Dynabeads (Invitrogen). The cDNA library was made in the Lamda-ZapII vector according to manufacturer's instructions (Stratagene), and the primary library contained 10 6 clones.
RNA collection for 454 sequencing
Embryos were collected in the following stages: early cleavage (1-24 cells); late cleavage (28 cell-28 cell þ 6h); gastrulation ($18-48 h); and organogenesis (early and late trochophore, 72-96 h). RNA was extracted with Trizol reagent (Invitrogen), re-extracted with phenol:chloroform and chloroform. RNA was quantified, and equal amounts from each of the four staging intervals were pooled.
cDNA library construction for sequencing with the 454 GSFLX-titanium system
Messenger RNA was isolated from total RNA using the Oligotex mRNA Mini kit (Qiagen, CA, USA). First and second strand cDNAs were synthesized from 200 ng of mRNA using the SuperScript Õ Double-Stranded cDNA Synthesis Kit (Invitrogen, CA, USA) with 100 mM random hexamer primers (Fermentas, USA). Double-stranded cDNA was cleaned up with a QIAquick minelute PCR purification column (Qiagen). Double-stranded DNA was nebulized with the nebulization kit supplied with the GS Titanium Library Preparation kit (454 Life Sciences, CT, USA) following their recommendations (30 psi for 1 min) and cleaned up with a QIAquick PCR minelute column and eluted in 50 mL EB. Nebulized cDNA was blunt-ended (25 mL water, 10 mL 10Â T4 DNA Ligase buffer (NEB, MA, USA), 4 mL 10 mM dNTP mix, 5 mL T4 DNA polymerase (3 U/mL) (NEB), 1 mL Klenow polymerase (5 U/mL) (NEB), and 5 mL Polynucleotide kinase (10 U/mL) (NEB), and cleaned up with a Qiaquick PCR minelute column and eluted in 32 mL EB. A dA-overhang was added at the 3 0 -end of cDNAs by adding the following to the blunt-ended cDNA: 5 mL 10Â buffer 2 (NEB), 10 mL 1 mM dATP, and 3 mL Klenow exo-minus polymerase (5 U/mL) (NEB). The reaction was incubated at 378C for 30 min and then cleaned up with a QIAquick minelute column and eluted in 10 mL EB. The cDNA was ligated to Titanium adaptors (454 Life Sciences) by adding 9 mL water, 25 mL 2Â Rapid Ligase buffer (Enzymatics) 5 mL (50 mM) Titanium adapter A/B mix, and 1 mL T4 DNA Ligase (600 U/mL; Enzymatics) and incubating the ligation reaction at room temperature for 15 min. The reaction was cleaned up using a Qiaquick minelute column, and the cDNA was eluted in 20 mL EB. Adaptor-ligated cDNA was run on a E-GEL EX 2% agarose (Invitrogen, CA) following the manufacturer instructions and cDNAs in the size range of 400-800 bp were excised from the gel and purified with a Qiagen's Gel Extraction kit and the cDNA was eluted in 30 mL EB. One microliter of the gel-purified cDNA was used as template for amplification in 50 mL PCR reactions containing 10 mL 5Â Phusion Buffer HF (NEB), 25 mM Adapter A_For primer (5 0 -CCATCTCATCCCTGCGTGTCTCCGACTCAG ACGAGTGCGT-3 0 ), 25 mM Adapter B_For primer (5 0 -CCTATCCCCTGTGTGCCTTGGCAGTCTCAG T-3 0 ), 3% DMSO, 10 mM dNTPs, and 1 U Phusion polymerase (Finnzymes/NEB). The PCR conditions were as follows: 988C for 30 s, followed by 15 cycles with 988C for 10 s, 688C for 30 s, and 728C for 30 s, with a final extension of 728C for 5 min and clean up with a Qiaquick minelute PCR column.
Normalization of the 454 cDNA library
The cDNA library was normalized according to the protocol described in the Trimmer Direct Kit (Evrogen, Russia). In brief, 300 ng of cDNA were incubated at 958C for 5 min followed by incubation at 688C for 4 h in the hybridization buffer included in the kit. After the incubation, the reaction was treated with 1/4 U of duplex specific nuclease (DSN). The normalized cDNA was then amplified from 1 mL of DSN-treated cDNA using 10 cycles of the PCR reactions described above and gel purified for the fragment size of 400-800 bp as described earlier.
454/GSFLX-Titanium sequencing procedures
After construction of the library, the samples were quantified using a Qubit fluorometer (Invitrogen, CA) and average fragment sizes were determined by analyzing 1 mL of the samples on the Bioanalyzer (Agilent, CA, USA) using a DNA 7500 chip. The library was diluted to 1 Â 10 6 molecules/mL. Emulsion-based clonal amplification and sequencing on the 454 Genome Sequencer FLX Titanium system were performed in the W. M. Keck Center for Comparative and Functional Genomics at the University of Illinois at Urbana-Champaign according to the manufacturer's instructions (454 Life Sciences).
Probe synthesis and in situ hybridization
Digoxigenin-labeled RNA probe synthesis was carried out according to manufacturer's instructions (Roche, IN, USA). We optimized the previously published in situ hybridization protocol (Lambert and Nagy 2002) for later stages by raising the incubation temperature to 738C, and increasing the length of the antibody washes to 2 h. Sense controls for the probe showed no staining, and the resolution of the staining was at the level of single cells.
Results
Traditional EST sequencing of the Ilyanassa transcriptome
The first phase of our characterization of the Ilyanassa transcriptome was an EST project, where clones were sequenced from a phagemid-based Lamda ZapII cDNA library (Stratagene, La Jolla, CA, USA). The library was constructed from poly-A enriched RNA from one cell to gastrula stages (0-48 h after egg-laying), and the primary library contained 1.3 Â 10 6 clones. 10,227 clones from this library were sequenced at a commercial sequencing facility (Macrogen, MD, USA). The first 1410 clones sequenced were those that had been previously examined in an in situ hybridization screen for patterns of subcellular RNA localization (Kingsley et al. 2007 ). We used Phred to call bases and evaluate the read quality (Ewing et al. 1998) . After clipping reads to a phred score of 20, and excluding runs with 550 bp after clipping, we had 9568 runs with a mean length of 796 after clipping. We thus consider this a high-quality sequence data set. The sequences were deposited in the Genbank EST database. We assembled these sequences using the CAP3 program using default parameters (Huang and Madan 1999) and recovered 980 contigs and 5261 singletons for a total number of 6241 putatively unique sequences. This suggests that our cDNA library is rather complex; however, this number represents an overestimate since incomplete sequences and polymorphisms are both probably inhibiting contig formation.
pyrosequencing of the Ilyanassa transcriptome
To characterize more of the Ilyanassa embryonic transcriptome, we sequenced a new cDNA library using the 454 sequencing platform and Titanium reagents (454 Life Sciences). The library construction, normalization, and sequencing were carried out as described in the 'Methods' section at the W. M. Keck Center for Comparative and Functional Genomics, Roy J. Carver Biotechnology Center, University of Illinois at Urbana-Champaign. A partial-plate titration run was performed to determine the optimum concentration for the sequencing sample. The full-plate run generated about 1.28 million reads with an average length of 351 bases. For downstream analyses, we combined these reads with those from the titration run for a total of 1.38 million reads. The reads have been deposited in the NCBI SRA database (accession number SRA023118.3).
Assembling putative transcripts
We assembled our reads using two different software programs that are capable of assembling mixtures of Sanger and 454 sequence reads, the commercially available nGen assembler (DNASTAR, WI, USA), and the freely available MIRA assembler (Chevreux et al. 1999) . We found that the results were similar for each program (Table 1 ). The nGen assembly had a somewhat longer average contig length, although in several cases in which we have compared contigs to experimentally characterized transcripts, the MIRA assembly was more reliable. We conclude that both programs allow biologists without advanced computational skills to successfully assemble hybrid transcriptome data sets. For studies of particular genes, we examine contigs from both assemblies to guide empirical characterization. For downstream analyses described here, we used the nGen assembly, because the default output included many unassembled sequences that were discarded by the MIRA assembler because of lower quality or possible chimerism. While these sequences could be recovered and added to the MIRA assembly data set, it was more straightforward to use the nGen results. Obviously, such sequences need to be treated with care because they are potentially misleading, but even a short stretch of accurate sequence could be useful for gene discovery.
We wondered whether the longer Sanger reads would improve the overall assembly quality, so we compared assemblies of Sanger and 454 reads to assemblies of 454 reads alone. There was only a modest improvement in the average contig length (1%), indicating that the improvement in assembly is probably not worth the additional cost of Sanger sequencing.
Assessing normalization
To assess the efficacy of the normalization procedure used to construct the 454 cDNA pool, we counted the number of reads that corresponded to particular transcripts in the Sanger sequence, which was not normalized, and the 454 data. We counted the number of reads that contributed to a particular contig, and all the reads that contributed to other contigs that were highly similar to it (E-value cut-off 1E-10 in blastn searches) ( Table 2 ). For several transcription factors that were present as single reads in the Sanger project, like Ilyanassa extradenticle, goosecoid, and FoxO orthologs, the frequency of reads in the 454 data remained relatively low. The six transcripts in that were most abundant in the Sanger data ranged from 0.4% (mitochondrial cytochrome C) to 1.4% (an ReO_6-like transposable element) of total reads. These were much less frequent in the 454 data, with ReO_6-like present at around 0.6% and the others at 0.1% or less. Since each cloning and sequencing approach has intrinsic biases, these results do not provide an exact measure of normalization, but they suggest that the procedure used was successful in increasing the representation of rare reads in the 454 library.
Finding transcription factors
As described earlier, we are interested in transcription factors as a class, since this molecular function is likely to be involved in important developmental regulatory events in the Ilyanassa embryo, and these transcripts are also good candidates for markers of lineage, tissue, and organ identity. BLAST searches of the assembled transcriptome data recovered many conserved developmental regulatory proteins, including transcription factors; however, this approach was not optimal for at least two reasons. First, many of these BLAST hits were to regions outside of the DNA binding domain, and thus may involve Ilyanassa sequences that are not transcription factors. Second, this method may be biased towards transcription factor orthology groups that are well-studied in other lineages. For instance, a mollusc or spiralianspecific family of homeodomain-containing proteins might be less likely to be identified than other more conserved families, when searching with annotated transcription factors from other lineages. A more direct way of searching for putative transcription factors is to use protein domain profiles, which incorporate the likelihood of various amino acids at each position in a conserved protein domain. We made a comprehensive set of transcription factor protein domains involved in DNA binding, chosen from the Conserved Domain Database (CDD) at NCBI (Marchler-Bauer et al. 2009 ). We based the set on a list of transcription factors found in plants, yeast, and animals (Riechmann et al. 2000) , then tested against sets of genes that were annotated as transcription factors in the Drosophila melanogaster and human genomes, to ensure that all major classes were included. Our set includes mainly sequence-specific DNA binding domains, but they also include some other classes of domains that are not sequence-specific, but have representatives that have developmental regulatory roles, such as the HMG domain protein Lef-1/TCF. We did not include components of the basal transcription machinery, or chromatin modifying factors. We also excluded zinc fingers of the C 2 H 2 class in this analysis, since these are less conserved at the amino acid level so they cannot be identified reliably using the criteria we used for other classes.
We used the rpstblastn program in the standalone BLAST package to search each sequence in our sequence database (contigs and singletons) against the transcription factor CDD database, using an E-value cut-off of 1E-10. We recovered 298 putatively unique sequences with hits to 27 conserved domains. We blasted these sequences against the NCBI non-redundant (nr) database, and retained 280 sequences with homology to proteins in the predicted family (E-value cut off 1E-10). A few transcription factor domains are present in proteins that are not transcription factors, e.g., the homeobox domain in ribosomal S23 proteins. Also, for a few sequences, the hit to the domain database was better than 1E-10 but the hit to the nr database was not. Using ClustalW (Larkin 2007) , we then aligned the set of sequences that hit each domain profile against each other, to find sequences from the same transcript that were not assembled. In many cases, clearly redundant sequences existed in these sets. There were several causes of this. In many cases, multiple small insertions and deletions existed between otherwise identical sequences, so the assembler did not group them. These indels were in regions of low sequence quality in singletons, which we did not trim in this analysis to increase chances of finding sequences of potential interest. In other cases, splice variants were detected; in these cases, long stretches of sequence were identical, but putative alternative exons flanking these varied between contigs. After removing these redundant sequences, based on these alignments, we were left with a set of 182 putatively unique transcripts encoding transcription factors.
The set of transcription factors recovered here is shown in Table 3 . The most common domains recovered were BTB/POZ domains (29/182), homeodomains (24/182), C4 zinc finger domains (of nuclear hormone receptors) (18/182), and helix-loop-helix domains (16/182). Numerous orthologs of conserved developmental regulatory proteins were recovered, most of which have not been characterized to date in molluscs. However, it is clearly far from a complete set of Ilyanassa transcription factors. Most non-vertebrate metazoans for which whole genome data are available have about 80-100 homeobox-containing transcription factors (e.g., Caenorhabditis elegans, 83; D. melanogaster, 103; Strongylocentrotus purpuratus, 96; Ciona intestinalis 78; The Caenorhabditis elegans Genome Sequencing Consortium 1998; Adams et al. 2000; Dehal et al. 2002; Howard-Ashby et al. 2006; Sodergren et al. 2006; Haider et al. 2009 ). This suggests that we have identified about one-fourth of the snail homeobox-containing genes. In line with this, we found that a significant fraction of the putatively unique transcription factor sequences that we recovered were only represented by singleton sequences ( Table 3 ), indicating that we are far from saturation for these classes of genes in the Ilyanassa transcriptome.
IoOnecut expression in the Ilyanassa embryo
To demonstrate the utility of examining the expression patterns of transcription factors we have identified here, we report the expression pattern during organogenesis for an Ilyanassa ortholog of the HNF6/onecut family of factors. Onecut/HNF6 transcription factors are expressed in neural tissue in all taxa where they have been examined, but they have acquired additional domains of expression in some lineages. In D. melanogaster, the ascidian Halocynthia roretzi, and Danio rerio, the expression is exclusively neural (Nguyen et al. 2000; Sasakura and Makabe 2001; Hong et al. 2002) . In the sea urchin S. purpuratus, the expression of onecut/HNF6 is initially ubiquitous. It is progressively restricted, first to the oral ectoderm and then to the ciliary band, which includes neural cells (Otim et al. 2004 ). Loss of function experiments indicate that the protein is required for development of skeletogenic mesoderm cells, which presumably reflects a role during its early ubiquitous phase. These experiments also support the existence of functional roles in the oral ectoderm and the ciliary band. Thus, the conserved neural role of onecut genes is intact in the sea urchin, but it has acquired new functions in this lineage. Similarly, onecut genes in vertebrates are widely expressed in neural tissues, but they are also expressed in anterior ventral endoderm that will generate the liver and pancreas, and the proteins that are involved in the development of these organs (Landry et al. 1997) . The developmental role of HNF6/onecut proteins has not been examined in the large multiphylum clade Lophotrochozoa.
We identified one unassembled read from the 454 data that was highly similar to onecut/HNF6 proteins in Drosophila and vertebrates. We amplified this sequence from cDNA, with primers that added flanking T7 and T3 sites to facilitate probe synthesis. Using in situ hybridization, we sampled several time-points during early cleavage and gastrulation, and did not observe specific patterns of transcript accumulation. Shortly after gastrulation, expression was observed in two adjacent ectodermal cells on the dorsal side of the embryo (Fig. 1) . During early organogenesis (about 3 days after egg laying), there was expression in bilaterally paired groups of ectodermal cells in the foot. There was also expression in a few ectodermal cells on the cephalic plates on either side of the head at this stage. On the right flank of the larva, where visceral mesoderm develops, there was a group of about 10 cells that expressed the transcript, and another isolated cell with strong expression. In later stages of organogenesis, after about 4 days of development, the expressing cells in the foot are still external, but some of the expressing cells in the head are now internal, in the developing cerebral ganglia (Dickinson and Croll 2003) . There are also two small groups of expressing cells between the foot and the mouth. At this stage, the cells on the right flank have moved to a more dorsal position, behind the right velar lobe.
In pre-hatching veliger stages, after about 5-7 days of development, there are a few expressing cells inside the head, in the position of the cerebral ganglia. This staining is observed on both sides of the head, but is usually stronger on the right side. There is also expression in two patches on either side of the anterior part of the foregut. Inside the foot, there are four cells that express the transcript, in the position of the developing pedal ganglia (Dickinson and Croll 2003) . These results indicate that IoOnecut is expressed in cells before and after they ingress to form parts of the developing ganglia.
The strongest expression at these stages is in the mantle cavity, which is dorsal to the head and under the lip of the growing shell-secreting mantle edge. In the mantle cavity, there are three patches of expressing cells. The largest of these, behind and the head and slightly to the left of the midline, includes many expressing cells, which appear to surround a column of cells that do not express the transcript. The other two clusters of expressing cells in the mantle cavity contain 2-5 cells each at the stages we have examined. These results demonstrate that transcription factor sequences recovered in our screen are potential candidates for specific molecular markers for structures and tissues in the Ilyanassa embryo.
Discussion
Using a combination of cDNA sequencing approaches, we have dramatically increased the number of known Ilyanassa transcripts. These results should facilitate a variety of studies using this system. To assess the effectiveness of these approaches for discovering candidate developmental regulatory genes, we screened the data set using conserved protein domains corresponding to transcription factors. We found 182 putatively unique transcription factors from a variety of classes, including many that are good candidates for participation in regulatory events in development. These results show the efficiency of transcriptome sequencing for recovering genes that are useful for studies of developmental biology.
The 454 sequencing employed here generates multiple reads for many transcripts. Like many organisms used for comparative biology, the embryos of Ilyanassa that we use are laid by wild-caught animals and are not from inbred laboratory lines. One advantage of discovering genes by large-scale sequencing is that sequence polymorphisms are recovered in the process. This is very useful for designing antisense molecules like morpholino oligonucleotides, because polymorphic sites can be avoided.
In comparative biology, the importance of taxon sampling means that many organisms are not studied by large communities of researchers. Thus, the tasks of developing and maintaining sequence information are often in the hands of researchers whose primary focus is not bioinformatics. As new generations of sequencing methods are introduced, each iteration of sequencing will require another round of assembly and analysis. The importance of these tasks for effectively using and developing sequence data highlights the need for including basic computation and bioinformatics tools in the training of new comparative biologists.
Comparative analysis of the molecular aspects of neurogenesis has been used to test inferences about the evolution of the body plans of animals and the nature of the protostome-deuterostome ancestor (Lowe et al. 2006; Denes et al. 2007 ). However, little is known about these events in molluscs, and characteristics of neurogenesis in the common ancestor of the Lophotrochozoa (Spiralia) are still unclear (Meyer and Seaver 2009) . Progress in understanding the development of the nervous system in molluscs has been hampered by the lack of markers for various proneural and neural cells. As expected, IoOnecut is expressed in cells of the developing nervous system. This is most clearly seen in the head and foot, where expression begins in ectodermal cells and apparently persists as these cells are internalized to become part of the cerebral and pedal ganglia, which can be recognized since a subset of cells have been identified in these ganglia at the early veliger stage (Dickinson and Croll 2003) . It is still not clear what fraction of cells in these ganglia expresses IoOnecut, but this can hopefully be resolved in the future, when pan-neural markers are characterized in this system. The expression of IoOnecut seems to occur earlier in the process of neurogenesis in Ilyanassa than in D. melanogaster, in which it appears to be associated with neuronal differentiation (Nguyen et al. 2000) . Expression of the RNA when cells are still in the epithelium suggests that it might be involved in neuronal specification.
The expression of IoOnecut in the mantle cavity and mouth suggests new insights about the development of the nervous system in Ilyanassa. There are three ganglia that develop in the mantle region, the osphradial, the superintestinal, and the visceral. However, it is not clear when these develop. Dickinson and Croll (2003) followed the development of the nervous system in larvae of Ilyanassa with several different markers that stain particular types of differentiated neurons. These markers did not identify cells in the mantle region at the early veliger stages, at a time when some marked cells can already be found in the cerebral, the pedal, and the apical ganglia. On the other hand, Lin and Leise (1996) proposed that the osphradial ganglion developed as early as, or earlier than, the cerebral or pedal, based on the size and morphologies of these ganglia at 6 days after hatching. Thus, it is likely that the osphradial ganglion is developing at the early veliger stage, but its size and position are not clear. The largest group of expressing cells in the mantle cavity is in the expected position, just to the left of the midline, over the head, and could be this structure. We also note that since many organs develop in this region, it remains possible that the IoOnecut expression we see here is not related to neural structures at all. The expression of IoOnecut in the foregut is reminiscent of the anterior endodermal expression of the mammalian ortholog. However, in this system, this expression is likely to be in cells that will form the buccal ganglia. The precise origin of these ganglia has not been described for Ilyanassa, but in other gastropods they develop from the wall of the foregut (Raven 1966; Hyman 1967) . They are morphologically recognizable by 8 days after hatching (Lin and Leise 1996) , so it is seems likely that their progenitors are in the epithelium of the foregut in early veliger stages.
